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Distributed sources are included in the Einstein equations. Such modification of the general relativity provides a simple description of the accelerated Universe with a dynamical scaling.
The Einstein equations for the general relativity have the form [1, 2] :
Here R ik is the Ricci tensor, R is the scalar curvature, g ik is the spacetime metric tensor, T ik is the energy-momentum tensor, G is the gravitational constant, c is the velocity of light and Λ is the cosmological constant (CC).
Einstein introduced CC to make the steady state cosmology, but later (after discovery of the expansion of the Universe) dismissed CC as his greatest blunder. Recent observations of the type Ia supernovae [3, 4] suggest the accelerated expansion of the Universe (AU), which renewed interest to CC. However, there is a problem with Λ, which has dimension L −2 . In the classical theory we can not construct a scale from G and c. In the quantum theory the Plank constant h leads to the Plank scale L P = ( Gh c 3 ) 1 2 . However, the cosmological observations suggest ΛL 2 P ≈ 10 −123 (see reviews in Refs. 5 and 6). In previous papers of the author [7, 8] dynamics of distributed sources (DS) was introduced. One of the applications of DS is cosmology and, in particular, the problem of AU. The equation for DS can be written in the form [8] :
Here u i is the 4-velocity field, position of fluid element is characterized by the 4-vector x i with components [τ = ct, x α (α = 1, 2, 3)], σ is the covariant divergency of the 4-velocity field, f may include diffusion and some other effects (see Ref. 7 and below), summation over repeated Latin indexes is assumed from 0 to 3. The Christoffel symbols satisfy condition [1, 2] :
where g is the determinant of the metric tensor. The case of "free" DS with f = 0 was considered in Refs. 7 and 8, in particularly, for the problem of AU. It was shown that the effect of DS, described by equation (2), is similar to the effect of CC in equation (1) . It seems natural to assume that relativistic DS are produced by the quantum vacuum [8] . However, in macroscopic description of the Universe we do not need to use the scale L P .
The divergency σ has dimension L −1 and dσ/ds has dimension L −2 . These quantities can produce a dynamical scaling in the Einstein equation (1) for the problem of AU. The simplest way to do it is to put:
Here constant λ has dimension L −2 , β and γ are nondimensional constants. Eventually, we can put λ = 0.
For homogeneous isotropic AU in the proper synchronized frame of reference [1, 2] we have: u 0 = 1, u α = 0. From (2) and (3) we get:
where a(τ ) is the scale factor and we took into account that g ∼ a 6 . Inserting (4) into (1) and using standard procedure [1, 2] , we get two equations:
Here prime indicates differentiation over τ , k = 0, ±1 is the discrete curvature parameter, p is the pressure and ε is the energy density. Using (5), we rewrite equations (6) and (7) in the form:
In this paper we consider the simplest equation of state p = 0, which corresponds to the dust approximation. From (8) we will obtain a(τ ) and then insert it into (9) to get ε(τ ). We choose k = 0, which corresponds to the observations. Additionally, we put λ = 0 in order to avoid dimensional scaling (see above).
First of all, we have special case: β = 2/3, (1 − 3γ)(a ′ /a) 2 = 0. If γ = 1/3, we got stationary Universe. In what follows we assume β = 2/3.
From (8) we have positive acceleration ( a ′′ > 0), if:
Using variable H = a ′ /a, we get from (8):
Integration of (11) gives:
From (9) we now get:
Positive ε leads to θ > 0. In combination with (10), we have:
From observations it is known that H 0 > 0. So, we have finite-time singularity in the past (τ = −(H 0 θ) −1 ) and power law accelerated expansion in the future. The same result (12) we get from equation (2) with the effect of gravitation, represented by forcing f = −θσ 2 . "Free" DS with f = 0 produce exponential expansion [7, 8] .
Multiplication (11) and (12), or differentiation of (12), gives:
From condition (14) it follows that expansion (15) asymptotically becomes superluminary (compare with Ref. 8).
We presented above the simplest description of AU with introduction of DS into the Einstein equations. More general cases can be studied, based on equations (8) and (9). Note, that DS can play an important role not only in the global description of the Universe, but also in more local cosmological phenomena.
